The phytochemical investigation of the fruit extracts of Uvaria cherrevensis led to the isolation and characterization of four new C-benzyl flavonoids; cherrevenones A-D (1-4) together with 11 known compounds. The isolated compounds were characterized using spectroscopic techniques. Compounds 1, 3, 5 and 11 showed moderate inhibitory activities against the P. falciparum strains TM4/8.2 and K1CB1 with IC 50 values ranging from 21.0 ± 3.10 -33.7 ± 7.69 and 21.0 ± 5.44 -43.5 ± 11.9 μM, respectively. Compounds 1, 2, 5, 10 and 11 exhibited strong cytotoxic activities against KB cells with IC 50 values ranging from 0.60 ± 0.17 -4.91 ± 2.69 μM which were similar to their cytotoxic activities found against Vero cells, except for compound 5, which was non-toxic to Vero cells.
Introduction
Uvaria cherrevensis, also known as "Nom Meaw Pa" in Thai, with the synonym of Ellipeiopsis cherrrevensis, is a monotypic species in the Annonaceae family [1] [2] . This plant is a shrub which is distributed throughout the forests of Thailand [1] . The roots of this plant have been used in traditional medicine to treat urinary disorders [3] . Previous phytochemical studies of this plant reported the isolation of alkaloids, flavonoids, naphthalene derivatives, polyoxygenated cyclohexenes and terpenoids [3] [4] [5] [6] . Some of these compounds were reported to have antimalarial, antimicrobial and cytotoxic activities [3, 5, 6] . In a previous report, we found 2phenylnaphthalene derivatives, polyoxygenated cyclohexenes and flavonoids from the stems and roots extracts of this plant [5] . Herein, we report the results of a phytochemical investigation of the fruit extracts of U. cherrevensis which resulted in the isolation and identification of four new C-benzyl flavonoids (1) (2) (3) (4) together with 11 known compounds. The antimalarial and cytotoxic activities of these compounds, against KB and Vero cells, are also reported.
Experimental

General experimental procedures
Melting points were determined on a Stuart SMP10 melting point apparatus and are uncorrected. Optical rotations were measured in acetone at the sodium D-line on a Rudolph
Research Analytical Autopol I polarimeter. UV-vis absorption spectra were measured in MeOH with a Thermo Scientific Evolution 210 UV-vis spectrophotometer. The infrared (IR) spectra were recorded on a Bruker Tensor 27 FT-IR spectrophotometer. The NMR spectra were recorded on either a 400 MHz or a 500 MHz Bruker NMR spectrometer. Chemical shifts were recorded in parts per million (δ) in CDCl 3 (δ H 7.26 and δ C 77.0 ppm) and/or acetone-d 6 (δ H 2.05 and δ C (CO) 
Bioactivity Assays
The antimalarial activity testing against Plasmodium falciparum (TM4/8.2, a wild type sensitive strain and K1CB1, a multidrug resistant strain) was carried out using the Malaria SYBR Green I-base fluorescence (MSF) assay [8] . Briefly, following incubation of parasites (90 µL of 1% ring stages at 2% haematocrit) with serial dilution of compounds (10 µL in 0.1% DMSO containing RPMI media) in black 96-well plate for 48 h in a 3% CO 2 incubator at 37 °C, 100 µL SYBR Green I dye (0.2 µL of SYBR Green I/mL of in lysis buffer pH 7.5 (20 mM Tris containing 5 mM EDTA, 0.008% saponin, and 0.08%Triton X-100)) was added and mixed well. Cycloguanil and pyrimethamine were included as the reference compounds [9] . Cytotoxic assays against KB cells (human mouth epidermal carcinoma cells) and normal Vero cells (kidney epithelial cells of African green monkey, Cercopithecus aethiops) [10] were evaluated using the sulforhodamine B (SRB) assay [11] . Ellipticine was included as the reference compound.
Results and Discussion
The crude MeOH extract of the fruit of U. cherrevensis was separated by column chromatography resulting in the isolation of four new flavonoids, cherrevenones A-D (1-4), together with 11 known compounds; uvarindoles C, D and A (5, 10, 11) [12] , cardamonin (6) [13] , ferrudiol (7) that indicated a possible chalcone structure [16] . The 1 H NMR spectrum of 1 (Table 1) (Table 3) .
Compounds 2 and 10, were not active at 50 µM. By comparing the antimalarial activities and the cytotoxicities of these compounds against noncancerous Vero cell lines, representing normal mammalian cells, these compounds, except for 3 and 5, are quite toxic with selectivity ratios (IC 50 ratios of Vero cells: K1CB1 cells) much less than 1 (0.02 -0.3). Derivatization of these compounds in the future may improve antimalarial activity with reduce cytotoxicities. These compounds were also tested for their cytotoxicity against KB cells (Table 3 ). Alkaloid 5 showed significant cytotoxicity against KB cells with an IC 50 value 4.91 µM and had no cytotoxicity against Vero cells at 50 µM with a selectivity ratio of greater than 10. The chalcone 1 exhibit strong cytotoxicity against KB cells but was equally toxic to Vero cell with IC 50 values of ca 0.6 µM. Chalcone 2 and the alkaloids 10 and 11 were also toxic against KB and Vero cells with IC 50 values in the ranges of 2.76 -4.72 and 3.34 -5.67 µM, respectively. In contrast, the compounds 3, 7, 14 and 15 were not cytotoxic against either cell line at 50 µM. Overall, most of these compounds were more cytotoxic than those previously isolated from the stem and root extract of this plant [5] .
In conclusion, four new C-benzyl flavonoids (1-4) have been isolated, with compounds 1 and 2 showing significant cytotoxicities against KB and Vero cells. While C-benzyl flavonoids are known [3, 5, 7] these are a relatively rare subset of flavonoid natural products. Compared with our earlier study [5] , on the stem and root extracts, only compounds 8, 9, 12 and 13 were found to be in common.
